SPECIFICATION 



STEREOSCOPIC-IMAGE GENERATING METHOD AND APPARATUS 

TECHNICAL FIELD 

The present invention relates to a stereoscopic-image generating 
method and apparatus, and particularly, to a stereoscopic-image pickup 
apparatus for obtaining stereoscopic Images and a signal processing 
method and apparatus for obtaining stereoscopic images. 
BACKGROUND ART 

FIG. 22 shows an example of a conventional stereoscopic-image 
pickup apparatus. FIG. 22 shows the pickup state of a stereoscopic 
image called horizontal-run body. FIG. 22A and FIG. 22B show the 
relationship between a camera and a pickup target before movement and 
the relationship after movement, respectively. 

First, an object A and an object B are picked up with a 
camera 1 before movement (FIG. 22A). The object B is located more 
distant than the object A. A common axis (shown by one-dot chain line) 
passing through the objects A, B is perpendicular to a pickup face of a 
CCD 2 or pickup device. An optical axis (line passing through a lens 3; 
shown by two-dot chain line) of the camera 1 is away by a distance li to the 
left from the common axis (shown by one-dot chain line). In this state, the 
object A and the object B form images at ai and b, on the pickup face of 
the CCD 2, respectively. 

Then, the camera 1 is moved parallel as shown in FIG. 22B so 
that the optical axis of the camera 1 is away by the distance l t to the right 
from the common axis passing through the objects A, B. In this state, the 
object A and the object B form images at a 2 and b 2 on the pickup face of 
the CCD 2, respectively. 

When displaying the Images picked up before and after 



movement of the camera 1 as described above, for example, on a display 
unit using shutter glasses which control light transmission and Interception, 
the displayed images will be as shown In FIG. 23. In FIG. 23, 1 1 , 1 2, and 
13 designate the Image picked up before movement of the camera 1, the 
image picked up after movement of the camera 1 , and the state that these 
Images are displayed alternately (displayed Images), respectively. 

A shutter 14a is controlled such that a viewer sees the Image 
before movement with his/her left eye L and the image after movement 
with his/her right eye R. Thus, the object A and the object B are seen as 
stereoscopic images protruding forward of a screen due to respective 
parallax. 

FIG. 24 shows an example of an apparatus for seeing the 
stereoscopic Images, wherein 20, 21, 22, and 23 designate a video 
camera, a reproducing unit, a controller, and a display unit, respectively. 
The above-mentioned images 11 before movement and images 12 
after movement are displayed on the display unit 23 to correspond to 
the even field and the odd field, respectively. The viewer sees the 
displayed images wearing the shutter glasses 14. The shutter 14a is 
controlled by the controller 22 such that light transmission is done for the 
left eye L and light interception is done for the right eye R at the time of the 
even field, whereas light interception is done for the left eye L and light 
transmission is done for the right eye R at the time of the odd field, thus 
allowing the viewer to see a stereoscopic figure shown in FIG. 24. 

In the above-mentioned image pickup of the horizontal-run body, 
however, it was necessary to accurately parallel-move the camera 1 in the 
cross direction, leading to difficult pickup. As will be understood from FIG. 
23, the objects A, B are seen as protruding from a display surface (point at 
Infinity on the display surface), which is visually unnatural, resulting in 
fatigue. 



DISCLOSURE OF THE INVENTION 

An object of the present Invention is to provide a 
stereoscopic-image generating method and apparatus which allow pickup 
of stereoscopically displayed Images without accurate movement of a 
camera or without any movement thereof, and achieve natural 
stereoscopic images without having all images protruding from a display 
screen and allowing a reduction in sense of fatigue in vision. 

The stereoscopic-image generating method of the present 
invention is characterized by: moving at least one of a first image picked up 
with a pickup apparatus in a predetermined first state and a second image 
picked up with the pickup apparatus in a second state different from the 
first state; and adjusting a position of fusion of an object designated in the 
first and second images to generate a stereoscopic image. 

Moreover, it Is characterized in that the second state is the state 
that the pickup apparatus which carries out pickup in the first state is 
moved parallel with respect to a pickup face. 

Further, it is characterized in that the second state is the state that 
the pickup apparatus which carries out pickup in the first state is rotated to 
a position where with any point on an extension of a connecting line 
connecting the pickup apparatus and a pickup target object on the side of 
the pickup apparatus as center, an optical axis of the pickup apparatus 
forms a predetermined angle with respect to the connecting line. 

Still further, it is characterized in that condenser-type optical 
means are dispose between a pickup element of the pickup apparatus and 
a pickup target object, the condenser-type optical means being movable to 
any position holding an optical axis parallel to the optical axis of the pickup 
apparatus, wherein the first state is the state before movement of the 
condenser-type optical means, and wherein the second state is the state 
after movement of the condenser-type optical means. 

Furthermore, it is characterized in that angle controlling means are 



dispose between a pickup element of the pickup apparatus and a pickup 
target object, the angle controlling means controlling an outgoing angle of 
light emitted to a pickup face of the pickup apparatus, wherein the first state 
is the state that the outgoing angle of the angle controlling means are 
controlled at a first angle, and wherein the second state is the state, that 
the outgoing angle of the angle controlling means are controlled at a 
second angle different from the first angle. 

Further, It is characterized In that the angle controlling means 
comprise a variable apex-angle prism. 

Still further, it is characterized In that light transmitting means with 
a light entering face and a light exiting face formed parallel to each other 
are arranged on a path connecting a pickup element of the pickup 
apparatus and a pickup target object to be insertable at a predetermined 
angle, wherein the first state is the state that the light transmitting means 
fail to be inserted on the path, and wherein the second state is the state 
that the light transmitting means are inserted on the path. 

Furthermore, it is characterized in that the light transmitting means 
comprise a transparent parallel plate. 

Moreover, the stereoscopic-image generating apparatus of the 
present invention Is characterized in that it comprises: Image moving 
means for moving at least one of a first image picked up with a pickup 
apparatus in a predetermined first state and a second image picked up 
with the pickup apparatus in a second state different from the first state, the 
image moving means adjusting a position of fusion of an object designated 
in the first and second images to generate a stereoscopic image. 

Further, it is characterized in that it comprises frame-image 
generating means for generating a frame Image based on the moved at 
least one of the first and second images. 

Still further, it is characterized in that it comprises shift-amount 
setting means for setting a shift amount of the first and second images. 
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Furthermore, it is characterized In that It comprises mode selecting 
means for selecting a shift mode of the first and second images. 

Further, it is characterized in that the second state is the state that 
the pickup apparatus which carries out pickup In the first state Is moved 
5 parallel with respect to a pickup face. 

Stull further, it is characterized in that the second state is the state 
that the pickup apparatus which carries out pickup in the first state is 
rotated to a position where with any point on an extension of a connecting 
line connecting the pickup apparatus and a pickup target object on the side 
10 of the pickup apparatus as center, an optical axis of the pickup apparatus 
forms a predetermined angle with respect to the connecting line. 

Furthermore, it is characterized in that condenser-type optical 
means are dispose between a pickup element of the pickup apparatus and 
a pickup target object, the condenser-type optical means being movable to 
15 any position holding an optical axis parallel to the optical axis of the 
pickup apparatus, wherein the first state is the state before movement 
of the condenser-type optical means, and wherein the second state is the 
state after movement of the condenser-type optical means. 

Moreover, it is characterized in that angle controlling means are 
20 dispose between a pickup element of the pickup apparatus and a pickup 
target object, the angle controlling means controlling an outgoing angle of 
light emitted to a pickup face of the pickup apparatus, wherein the first state 
is the state that the outgoing angle of the angle controlling means are 
controlled at a first angle, and wherein the second state is the state, that 
25 the outgoing angle of the angle controlling means are controlled at a 
second angle different from the first angle. 

Further, it is characterized in that the angle controlling means 
comprise a variable apex-angle prism. 

Still further, it is characterized In that light transmitting means with 
30 a light entering face and a light exiting face formed parallel to each other 



are arranged on a path connecting a pickup element of the pickup 
apparatus and a pickup target object to be Insertable at a predetermined 
angle, wherein the first state is the state that the light transmitting means 
fail to be inserted on the path, and wherein the second state is the state 
that the light transmitting means are inserted on the path. 

Furthermore, it is characterized in that the light transmitting means 
comprise a transparent parallel plate. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Is a schematic view of a horizontal-run body, depicting an 
embodiment of the present invention; FIG. 2 is an explanatory view 
showing a conventional stereoscopic image in horizontal-run body pickup; 
FIG. 3 is an explanatory view depicting that a natural stereoscopic image is 
obtained in horizontal-run body pickup according to the present invention; 
FIG. 4 is a schematic view of rotating body pickup, depicting another 
embodiment of the present invention; FIG. 5 is an explanatory 
view showing a conventional stereoscopic image in rotating body 
pickup; FIG. 6 is a schematic view of rotating body pickup, depicting still 
another embodiment of the present invention; FIG. 7 is an explanatory 
view showing a conventional stereoscopic image in rotating body pickup; 
FIG. 8 is an explanatory view depicting that a natural stereoscopic image is 
obtained in rotating body pickup according to the present invention; FIG. 
9 is a block diagram showing an embodiment of a stereoscopic-image 
generating apparatus of the present invention; FIG. 10 Is a schematic 
view of body pickup using a transversely moving lens, depicting still 
another embodiment of the present invention; FIG. 1 1 is an explanatory 
view depicting that pickup is possible using the transversely moving lens; 
FIG. 12 is an explanatory view depicting that a natural stereoscopic image 
is obtained according to the present invention; FIG. 13 is a schematic 
view of body pickup using a variable apex-angle lens, depicting a further 
embodiment of the present invention; FIG. 14 is an explanatory view 



depicting that pickup is possible using the variable apex-angle prism; FIG. 
15 Is an explanatory view depleting that a natural stereoscopic Image Is 
obtained according to the present Invention; FIG. 16 is a sectional view 
showing a first constructive example of the variable apex-angle prism used 
In the present Invention; FIG. 17 Is a sectional view showing a second 
constructive example of the variable apex-angle prism used in the present 
invention; FIG. 1 8 is a schematic view of body pickup using a transparent 
parallel plate, depicting a further embodiment of the present invention; 
FIG. 19 is an explanatory view depicting that pickup is possible using the 
transparent parallel plate; FIG. 20 is an explanatory view depicting that a 
natural stereoscopic image is obtained according to the present invention; 
FIG. 21 depicts a constructive example of the transparent parallel plate 
used in the present invention, wherein FIG. 21 A and FIG. 21 B are plan 
views of the transparent parallel plate, and FIG. 21 C is an explanatory view 
showing the arrangement state; FIG. 22 is a schematic view showing 
the principle of conventional horizontal-run body pickup; FIG. 
23 is an explanatory view showing a stereoscopic construction in 
conventional horizontal-run body pickup; and FIG. 24 is a block diagram 
showing an example of an apparatus for seeing a stereoscopic figure. 
BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will be described hereafter 
with reference to the accompanying drawings. FIGS. 1-3 show a first 
embodiment, FIGS. 4-8 show a second embodiment, FIG. 9 shows a block 
diagram of a stereoscopic-image generating apparatus of the present 
invention, FIGS. 10-12 show a . third embodiment, FIGS. 13-17 show a 
fourth embodiment, and FIGS. 18-21 show a fifth embodiment. 

[First Embodiment] 

FIG. 1 depicts the pickup state when the present invention is 
applied to a stereoscopic image called horizontal-run body, wherein FIG. 
1A shows the relationship between a camera and a pickup target before 
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movement, and FIG. 1B shows the relationship between the camera and 
the pickup target after movement. 

First, before movement (FIG. 1A), pickup target objects A, B, C 
are picked up with a camera 1 . The object B is located more distant than 
the object A, and the object C is located more distant than the object B. 
An optical axis (line passing through a lens 3; shown by one-dot chain line) 
30 of the camera 1 is positioned between the pickup target objects A, B. 
In this state, the pickup target objects A, B, C form images at a h bi, c t on a 
pickup face 2a of a CCD 2, respectively. 

Next, the camera 1 is moved parallel as shown in FIG. 1B so that 
the optical axis of the camera 1 is positioned between the pickup target 
objects B, C. In this state, the pickup target objects A, B, C form images 
at az, b 2 , C2 on the pickup face 2a of the CCD 2, respectively. 

FIG. 2 shows formation of a stereoscopic image based on the 
pickup information wherein 31 Is an image (first image) picked up before 
moving the camera 1, and 32 is an image (second image) picked up 
after moving the camera 1. The pickup target objects A, B, C have been 
moved on a display screen (or on the pickup face) by Aa, Ab, Ac, 
respectively. 33 is a stereovision in the above-mentioned state, wherein 
all the objects are seen in such a way as to protrude forward in positions A', 
B\ C due to respective parallax. 

According to the present invention, the above phenomenon that all 
the pickup target objects A, B, C are seen in such a way as to protrude 
forward is corrected by the method as shown in FIG. 3. Specifically, in 
order that the formed image ba for example, of the image 32 after 
movement of the camera 1 may coincide with the formed image of the 
image 31 before movement, the image 32 is moved in the cross direction 
to obtain a corrected image (shift image) 40. Those images 31 and 40 
are used and displayed on a display unit as depicted, e.g. in FIG. 24, 
allowing their viewing as a stereoscopic image. 



In FIG. 3B, 41 depicts the state that the images 31 and 40 are 
displayed alternately. Transmission and interception of light for a shutter 
14a are controlled so that a viewer's left eye L can see the formed images 
ai, bi ( Ci of the image 31 picked up before movement of the camera 1 , and 
5 a viewer's right eye R can see 02, b 2l Oz of the corrected image 40 obtained 
by moving the Image 32 picked up after movement of the camera 1 in the 
cross direction. 

In such a way, in order that b 2( for example, of the image 32 after 
movement of the camera 1 may coincide with bi of the Image 31 before 

10 movement, the image 32 Is moved in the cross direction to obtain 
corrected image 40. Displaying of those images 31 , 40 allows adjustment 
of the position of fusion of an object designated in the images, which allows 
viewing as if the pickup target object A is in the position A' in the front of the 
screen, the pickup target object B is in the position B' on the screen, and 

15 the pickup target object C is in the position C in the rear of the screen. 

Therefore, there is no occurrence of the phenomenon that 
all the pickup target objects A, B, C are seen in such a way as to protrude 
forward as in the prior art, obtaining a natural stereoscopic image, resulting 
in possible reduction or elimination of a sense of fatigue in vision, 

20 In place of making the formed images bi, t>2 of the object B 

coincide with each other, any other objects (e.g. ai, a 2 or C1, ca) may be 
made coincide with each other. Moreover, the image 31 picked up before 
movement of the camera 1 may be moved (to obtain corrected image) so 
as to conform to the image picked up after movement of the camera 1. 

25 Naturally, both the images 31 , 32 may be moved together. 
[Second Embodiment] 

The fact that rotating the camera provides a stereoscopic image 
based on the images before and after rotation is confirmed by the inventors 
and the like. Application of the present invention to provision of a 
30 stereoscopic image by rotation can achieve more preferred stereoscopic 
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Image in the same way as the horizontal-run body. 

FIG. 4 Is a schematic drawing of body pickup wherein when 
having two pickup target objects A, B, a camera 10 Is rotated to obtain a 
stereoscopic image. FIG. 4A shows the relationship between the pickup 
target objects A, B and the camera 10 before rotation, wherein a center of 
rotation 0 of the camera 10 is assumed to be on an axis 45 passing 
through the pickup target objects A, B in the direction from the lens 3 to the 
CCD 2. 

First, before rotation, the optical axis 30 of the camera 10 swings 
to the left with the point O as center of rotation and with an angle e with 
respect to the axis 45 passing through the pickup target objects A, B. 
The pickup target objects A, B form images at a 1( ^ on the pickup face 2a 
of the CCD 2, respectively. 

Next, the camera 10 is rotated as shown in FIG. 4B so that the 
optical axis 30 swings to the right with the point O as center of rotation 
and with the angle e with respect to the axis 45. At this time, the pickup 
target objects A, B form images at a* b 2 on the pickup face 2a of the CCD 
2, respectively. 

FIG. 5 shows formation of a stereoscopic image based on the 
pickup information wherein 46 is an image (first image) picked up before 
moving the camera 10, and 47 is an image (second image) picked up after 
moving the camera 10. 48 depicts the state that the images 46 and 47 
are displayed alternately. A viewer is controlled by the shutter 1 4a to see 
the image before rotation by his/her left eye l_ and the image after rotation 
by his/her right eye R. With this, the objects A, B are seen as a 
stereoscopic image protruding forward. The apparatus of FIG. 24 serves 
as an apparatus for seeing a stereoscopic image, for example. 

FIG. 6 shows a manner of obtaining a stereoscopic image by 
rotating the camera 10 when having three pickup target objects A, B, C. 
FIG. 6A shows the relationship between the pickup target objects A, B, C 
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and the camera 10 before rotation, wherein the center of rotation 0 of the 
camera 10 Is assumed to be on the axis 45 passing through a position 
between the pickup target objects A, B and the camera 10 in the direction 
from the lens 3 to the CCD 2. 

First, before rotation, the optical axis 30 of the camera 10 swings 
to the left with the point O as center of rotation and with the angle e with 
respect to the axis 45. The pickup target objects A, B, C form images at 
ai, bi on the pickup face 2a of the CCD 2, respectively. 

Next, the camera 10 is rotated as shown in FIG. 6B so that the 
optical axis 30 swings to the right with the point O as center of rotation and 
with angle e with respect to the axis 45. At this time, the pickup target 
objects A, B, C form images at a* b* Cz on the pickup face 2a of the CCD 
2, respectively. 

FIG, 7 shows formation of a stereoscopic Image based on the 
pickup information wherein 51 is an image (first Image) picked up before 
movement of the camera 10, and 52 is an image (second image) picked 
up after movement The pickup target objects A, B, C have been moved 
on the display screen (or on the pickup face) by Aa, Ab, Ac, respectively. 
53 is a stereovision in the above-mentioned state, wherein ail the objects 
are seen in such a way as to protrude forward in the positions A', B', C due 
to respective parallax. 

According to the present invention, the above phenomenon that all 
the pickup target objects A, B, C are seen in such a way as to protrude 
forward is corrected by the method as shown in FIG. 8. Specifically, in 
order that the formed image b 2 , for example, of the image 52 after 
movement of the camera 1may coincide with the formed image bi of the 
image 51 before movement, the image 52 is moved in the cross direction 
to obtain a corrected image (shift image) 60. Those images 51 and 60 
are used and displayed on the display unit as depicted, e.g. in FIG. 24, 
allowing their viewing as a stereoscopic image. 
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In FIG. 8B, 55 depicts the state that the images 51 and 60 are 
displayed alternately. Transmission and Interception of light for the shutter 
14a are controlled so that the viewer's left eye L can see the formed 
images ai, b,, Ci of the Image 51 picked up before movement of the 
camera 10, and the viewer's right eye R can see a* b 2 , caof the corrected 
image 60 obtained by moving the Image 52 picked up after movement in 
the cross direction. 

In such a way, in order that b* for example, of the image 52 after 
movement of the camera 10 may coincide with bi of the image 51 before 
movement, the image 52 is moved in the cross direction to obtain 
corrected Image 60. Displaying of those images 51 , 60 allows adjustment 
of the position of fusion of an object designated in the images, which allows 
viewing as if the pickup target object A is in the position A' in the front of the 
screen, the pickup target object B is in the position B' on the screen, and 
the pickup target object C is in the position C in the rear of the screen. 

Therefore, there is no occurrence of the phenomenon that 
all the pickup target objects A, B, C are seen in such a way as to protrude 
forward as in the prior art, obtaining a natural stereoscopic image, resulting 
in possible reduction or elimination of a sense of fatigue in vision. 

In place of making the formed images bi, ba of the object B 
coincide with each other, any other objects (e.g. ai, a2or c 1( c£ may be 
made coincide with each other. Moreover, the image 51 picked up before 
movement of the camera 1 0 may be moved (to obtain corrected image) so 
as to conform to the image picked up after movement. Naturally, both the 
images 51 , 52 may be moved together. 

Next, a constructive example of the stereoscopic-image 
generating apparatus based on the stereoscopic-image generating method 
of the present invention will be described with reference to a block diagram 
of FIG. 9. First, the image 31 or 51 , for example, picked up before parallel 
movement of the camera or before rotation thereof is stored in an image 
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memory 61 as an Image signal (1), whereas the image 32 or 52, for 
example, picked up after parallel movement of the camera or after rotation 
thereof is stored in an image memory 62 as an Image signal (2). 

An Image shift circuit 63 Is a circuit which shifts (e.g. In the cross 
5 direction) an object noted in the Image signals (1), (2) of the image 
memories 61 , 62 to be In the same position on the display screen, wherein 
shift control is carried out based on a shift amount indicated from the 
outside by a shift-amount input device 64, and a shift mode indicated from 
the outside by mode selecting means 65 (mode for shifting the image 

10 signal (1) with respect to the image signal (2), mode for shifting the Image 
signal (2) with respect to the image signal (1), mode for shifting both of (1 ) 
and (2), etc.), adjusting the position of fusion of an object picked up before 
parallel movement of the camera or before rotation thereof and an object 
picked up after parallel movement of the camera or after rotation thereof. 

15 The image signals (1) and (2) with shift amount adjusted are 

input to a frame-signal generating device 66 wherein a television signal 
is generated having the image signals (1), (2) corresponding to even and 
odd fields, respectively. At this time, the frame-signal generating device 
66 outputs a signal for switching the shutter 14a of shutter eyeglasses 14 in 

20 correspondence with field switching, opening and closing the shutter 14a 
for right and left eyes. 

The television signal out of the frame-signal generating device 66 
is input and displayed on a display unit 67, which is seen through the 
shutter 14a for obtaining a stereoscopic image. Moreover, the television 

25 signal output from the frame-signal generating device 66 can be recorded 
and stored in a recording medium through a recording device 68. 
(Third Embodiment] 

FIG. 10 is a schematic drawing of body pickup wherein pickup is 
carried out using, as movable condenser-type optical means, a mobile lens 
30 71 formed out of a convex lens. In FIG. 10, the mobile lens 71 for the 
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camera 10 Is movably (In the cross direction In the drawing) disposed 
between the pickup face 2a of the CCD or pickup element 2 and the pickup 
target objects A, B, C In any position holding an optical axis 30' parallel with 
respect to the optical axis 30 of the camera 10. 

FIG. 10A shows the state before moving the mobile lens 71, 
wherein the pickup target objects A, B, C form images at at, b tl c t on the 
pickup face 2a, respectively. FIG. 10B shows the state that the mobile 
lens 71 is moved by a displacement x, wherein the pickup target objects A, 
B, C form images at a 2 , b 2( 02 on the pickup face 2a, respectively. 

FIG. 11 shows formation of a stereoscopic image based on the 
pickup information wherein 31 is an image (first image) picked up before 
moving the camera 1 , and 32 is an image (second image) picked up after 
moving the camera 1. The pickup target objects A, B, C have been 
moved on the display screen (or on the pickup face) by Aa, Ab, Ac, 
respectively. 33 is a stereovision In the above-mentioned state, wherein 
all the objects are seen in such a way as to protrude forward in 
positions A', B\ C* due to respective parallax. 

According to the present invention, the above phenomenon that all 
the pickup target objects A, B, C are seen in such a way as to protrude 
forward is corrected by the method as shown in FIG. 12. Specifically, in 
order that the formed image b 2 , for example, of the image 32 after 
movement of the mobile lens 71 may coincide with the formed image bi of 
the image 31 before movement, the image 32 is moved in the cross 
direction to obtain a corrected image 40. Those images 31 and 40 are 
used and displayed on the display unit as depicted, e.g. in FIG. 24, 
allowing their viewing as a stereoscopic image. 

In FIG. 12B, 41 depicts the state that the images 31 and 40 are 
displayed alternately. Transmission and interception of light for a shutter 
14a are controlled so that a viewer's left eye L can see the formed images 
ai , bi, ci of the image 31 picked up before movement of the mobile lens 71 , 
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and a viewers right eye R can see a* b* ca of the corrected image 40 
obtained by moving the Image 32 picked up after movement of the mobile 
lens 71 in the cross direction. 

In such a way, in order that k, for example, of the image 32 after 
movement of the mobile lens 71 may coincide with b, of the image 31 
before movement, the image 32 Is moved In the cross direction to obtain 
corrected image 40. Displaying of those images 31 , 40 allows adjustment 
of the position of fusion of an object designated in the images, which allows 
viewing as if the pickup target object A is in the position A' in the front of the 
screen, the pickup target object B is In the position B' on the screen, and 
the pickup target object C is in the position C in the rear of the screen. 

Therefore, there is no occurrence of the phenomenon that all the 
pickup target objects A, B, C are seen In such a way as to protrude forward 
as in the prior art, obtaining a natural stereoscopic image, resulting in 
possible reduction or elimination of a sense of fatigue in vision. 

In place of making the formed images bi, b 2 of the object B 
coincide with each other, any other objects (e.g. a 1( aaor c 1( cs>) may be 
made coincide with each other. Moreover, the image 31 picked up before 
movement of the lens may be moved (to obtain corrected image) so as to 
conform to the image picked up after movement of the lens. Naturally, 
both the images 31 , 32 may be moved together. 

In the same way asdescribed above, using the apparatus of FIG. 
9, a stereoscopic image Is generated as described above. Specifically, 
first, the image 31, for example, is stored in an image memory 61 as an 
image signal (1), whereas the image 32, for example, is stored in an image 
memory 62 as an image signal (2). 

An image shift circuit 63 is a circuit which shifts (e.g. in the cross 
direction) an object noted in the image signals (1), (2) of the image 
memories 61 , 62 to be in the same position on the display screen, wherein 
shift control is carried out based on a shift amount indicated from the 
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outside by a shift-amount input device 64, and a shift mode indicated from 
the outside by mode selecting means 65 (mode for shifting the Image 
signal (1) with respect to the image signal (2), mode for shifting the image 
signal (2) with respect to the Image signal (1), mode for shifting both of (1) 
and (2), etc.), adjusting the position of fusion of an object picked up before 
parallel movement of the. camera or before rotation thereof and an object 
picked up after parallel movement of the camera or after rotation thereof. 

The image signals (1) and (2) with shift amount adjusted are input 
to a frame-signal generating device 66 wherein a television signal is 
generated having the image signals (1), (2) corresponding to even and odd 
fields, respectively. At this time, the frame-signal generating device 66 
outputs a signal for switching the shutter 14a of shutter eyeglasses 14 in 
correspondence with field switching, opening and closing the shutter 14a 
for right and left eyes. 

The television signal out of the frame-signal generating device 
66 is input and displayed on a display unit 67, which Is seen 
through the shutter 14a for obtaining a stereoscopic image. Moreover, 
the television signal output from the frame-signal generating device 66 can 
be recorded and stored in a recording medium through a recording device 
68. 

In the embodiment, the mobile lens 71 formed out of a convex 
lens is used as movable condenser-type optical means. Instead, other 
optical means having similar function may be used. 

[Fourth Embodiment] 

FIG. 13 is a schematic drawing of body pickup wherein pickup is 
carried out using a variable apex-angle prism as angle controlling means 
for controlling an outgoing angle of light. In FIG. 13, a prism 73 (73 1 ) 
which can change the apex angle is disposed between the lens 3 of the 
camera and the pickup target objects A, B, C and on the optical axis 30 of 
the camera. 
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FIG. 13A shows the state that the apex angle of the prism (73) is 
disposed rightward (refer hereafter to as first state), wherein the pickup 
target objects A, B, C form images at a,, b,, d on the pickup face 2a of the 
CCD 2, respectively. FIG. 13B shows the state that the apex angle of the 
5 prism (73') is disposed leftward (refer hereafter to as second state), 
wherein the pickup target objects A, B, C form images at a* b* ca on the 
pickup face 2a of the CCD 2, respectively. 

FIG. 14 shows formation of a stereoscopic image based on the 
pickup information wherein 31 Is an image (first image) picked up when the 
10 prism 73 is in the first state, and 32 is an image (second image) picked up 
when the prism 73' is in the second state. The pickup target objects A, B, 
C have been moved on the display screen (or on the pickup face) by Aa, 
Ab, Ac, respectively. 33 is a stereovision in the above-mentioned state, 
wherein all the objects are seen in such a way as to protrude forward in 
15 positions A', B', C due to respective parallax. 

According to the present invention, the above phenomenon 
that all the pickup target objects A, B, C are seen in such a way as to 
protrude forward is corrected by the method as shown in FIG. 15. 
Specifically, in order that the formed image fc, for example, of the image 
20 32 picked up when the prism 73' is in the second state (FIG. 13B) may 
coincide with the formed image bi of the image 31 picked up when the 
prism 73 is in the first state (FIG. 13A), the image 32 is moved in the cross 
direction to obtain a corrected image (shift image) 40. Those images 31 
and 40 are used and displayed on the display unit as depicted, e.g. in FIG. 
25 24, allowing their viewing as a stereoscopic image. 

In FIG. 15B, 41 depicts the state that the images 31 and 40 are 
displayed alternately. Transmission and interception of light for the shutter 
14a are controlled so that a viewer's left eye L can see the formed images 
a t> bi, c } of the image 31 picked up when the prism 73 is in the first state, 
30 and a viewer's right eye R can see a& b& Cgof the corrected image 40 
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obtained by moving the Image 32 picked up when the prism 73' Is In the 
second state. 

In such a way, in order that b 2 , for example, of the Image 32 
picked up when the prism 73' is In the second state may coincide with b t of 
the Image 31 picked up when the prism 73 is in the first state, the image 32 
is moved In the cross direction to obtain corrected image 40. Displaying 
of those images 31, 40 allows adjustment of the position of fusion of an 
object designated in the images, which allows viewing as if the pickup 
target object A is in the position A* in the front of the screen, the pickup 
target object B is in the position B' on the screen, and the pickup target 
object C is In the position C in the rear of the screen. 

Therefore, there is no occurrence of the phenomenon that all the 
pickup target objects A, B, C are seen in such a way as to protrude forward 
as in the prior art, obtaining a natural stereoscopic image, resulting In 
possible reduction or elimination of a sense of fatigue in vision. 

In place of making the formed images bi, b 2 of the object B 
coincide with each other, any other objects (e.g. a 1( agor ci, eg) may be 
made coincide with each other. Moreover, the image 31 picked up when 
the prism73 is in the first state may be moved (to obtain corrected image) 
so as to conform to the image picked up when the prism 73' Is in the 
second state. Naturally, both the images 31 , 32 may be moved together. 

FIG. 16 shows a first constructive example of the variable 
apex-angle prism used in the present invention, wherein a space between 
plate glasses 74a, 74b disposed parallel to each other at a predetermined 
distance away is filled with a liquid 75, and is hermetically closed by 
bellows sealing members 76 each disposed at ends of the plate glasses 
74a, 74b. 

FIG. 16A shows the state that the two plate glasses 74a, 74b are 
parallel to each other, wherein a light Li perpendicularty incident on the 
plate glass 74a travels in a straight line, and exits as a light U>. FIG. 1 6B 
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shows the state that the two plate glasses 74a, 74b form an angle e (apex 
angle), wherein the Incident light L, exits at an angle a (light U). m such a 
way, the outgoing angle of the outgoing light U is controlled by controlling 
the apex angle of the two plate glasses 74a, 74b. 
5 FIG. 17 shows a second constructive example of the variable 

apex-angle prism used in the present invention, wherein curved surfaces of 
a flat concave lens 77 and a flat convex lens 78 having the same curvature 
are disposed to face each other. One is rotated with respect to another 
along the curved surface, controlling the state of the planes of the two 
10 lenses 77, 78 from the parallel state to the state with a predetermined 
angle e. 

FIG. 1 7A shows the state that the planes of the two lenses 77, 78 
are parallel to each other, wherein the light L, perpendicularly incident on 
the flat concave lens 77 travels in a straight line, and exits as light U FIG. 
17B shows the state that the two lenses 77, 78 form an angle e (apex 
angle), wherein the incident light Li exits at an angle a (light U). In 
such a way, the outgoing angle of the outgoing light U is controlled by 
controlling the apex angle formed by the planes of the two lenses 77, 78. 

In the same way as described above, using the apparatus of FIG. 
9, a stereoscopic image is generated as described above. Specifically, 
first, the image 31 , for example, picked up when the prism 73 is in the first 
state (FIG. 13A) is stored in the image memory 61 as image signal (1), 
whereas the image 32, for example, picked up when the prism 73' is in the 
second state (FIG. 13B) is stored in the image memory 62 as image signal 
(2). 

The image shift circuit 63 is a circuit which shifts (e.g. in the cross 
direction) an object noted in the image signals (1), (2) of the image 
memories 61 , 62 to be in the same position on the display screen, wherein 
shift control is carried out based on a shift amount indicated from the 
outside by a shift-amount input device 64, and a shift mode indicated from 
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the outside by mode selecting means 65 (mode for shifting the Image 
slgnaJ (1) with respect to the Image signal (2), mode for shifting the Image 
signal (2) with respect to the image signal (1), mode for shifting both of (1) 
and (2), etc.), adjusting the position of fusion of an object picked up when 
the prism 73 Is in the first state and an object picked up when the prism 73' 
is in the second state. 

The image signals (1) and (2) with shift amount adjusted are input 
to the frame-signal generating device 66 wherein a television signal is 
generated having the image signals (1), (2) corresponding to even and odd 
fields, respectively. At this time, the frame-signal generating device 66 
outputs a signal for switching the shutter 14a of the shutter eyeglasses 14 
in correspondence with field switching, opening and closing the shutter 14a 
for right and left eyes. 

The television signal out of the frame-signal generating device 66 
is input and displayed on the display unit 67, which is seen through the 
shutter 14a for obtaining a stereoscopic image. Moreover, the 
television signal output from the frame-signal generating device 66 can be 
recorded and stored in a recording medium through the recording device 
68. 

In the embodiment, the prisms 73, 73' are disposed between the 
lens 3 of the camera and the pickup target objects A, B, C. Instead, they 
may be disposed between the lens 3 of the camera and the pickup face 2a 
and on the optical axis 30 of the camera. 

Moreover, in place of the prisms 73, 73' having variable apex 
angle, the angle controlling means for controlling the outgoing angle of light 
emitted to a pickup face of a pickup element of a pickup apparatus may be 
other means having similar function. 

[Fifth Embodiment] 

FIG. 18 shows a schematic drawing of body pickup wherein 
pickup is carried out using a transparent parallel plate as light transmitting 



means. In FIG. 18, 83 Is a transparent parallel plate which is disposed In 
the Insertable and exJudable way on the optical axis 30 of the camera on a 
path connecting the lens 3 of the camera and the pickup target objects A, B, 
C. 

FIG. 18A shows the state that the transparent parallel plate 83 Is 
not inserted, wherein the pickup target objects A, B, C form images at a,, 
bi, d on the pickup face 2a of the CCD 2, respectively. FIG. 18B shows 
the state that the transparent parallel plate 83 is inserted on the optical axis 
30 of the path, wherein the pickup target objects A, B, C form images at a* 
b 2 , cz on the pickup face 2a, respectively. 

For easy understanding, FIG. 18 shows an example of the 
arrangement of the objects A, B, C wherein the formed images a* b* ca 
are in the same position on the pickup face. It is easy, however, to 
understand from the following description that a stereovision Is possible 
even with other arrangement of the objects A, B, C. 

FIG. 19 shows formation of a stereoscopic image based on the 
pickup information wherein 31 is an image (first image) picked up without 
the transparent parallel plate 83 inserted as shown in FIG. 18A, and 32 Is 
an image (second image) picked up with the transparent parallel plate 83 
inserted as shown in FIG. 18B. In favor of description, a* ba, Cz are 
shown as If they are vertically offset with each other, while the position of a* 
C2 is actually the same as that of b 2 . 

The pickup target objects A, B, C have been moved on the display 
screen (or on the pickup face) by Aa, Ab, Ac, respectively. 33 is a 
stereovision in the above-mentioned state, wherein all the objects are seen 
in such a way as to protrude forward in positions A', B', C due to respective 
parallax. 

According to the present invention, the above phenomenon that all 
the pickup target objects A, B, C are seen in such a way as to protrude 
forward is corrected by the method as shown in FIG. 20. Specifically, in 



22 

order that the formed image for example, of the Image 32 with the 
transparent parallel plate 83 Inserted (FIG. 18B) may coincide with the 
formed Image bi of the Image 31 picked up without the transparent parallel 
plate 83 inserted (FIG. 18A), the image 32 Is moved In the cross direction 
to obtain a corrected image 40. Those images 31 and 40 are used and 
displayed on the display unit as depicted, e.g. In FIG. 24, allowing their 
viewing as a stereoscopic image. 

In FIG. 20B, 41 depicts the state that the images 31 and 40 are 
displayed alternately. Transmission and Interception of light for the shutter 
14a are controlled so that a viewer's right eye R can see the formed 
images ai, b 1( d of the image 31 picked up without the transparent parallel 
plate 83 inserted, and a viewer's left eye L can see a* b 2 , Cz of the 
corrected image 40 obtained by moving in the cross direction the image 32 
picked up with the transparent parallel plate 83 inserted. 

In such a way, in order that b* for example, of the image 32 
picked up with the transparent parallel plate 83 inserted may 
coincide with b t of the image 31 picked up without the transparent parallel 
plate 83 inserted, the image 32 is moved in the cross direction to obtain 
corrected image 40. Displaying of those images 31 , 40 allows adjustment 
of the position of fusion of an object designated in the images, which allows 
viewing as if the pickup target object A Is in the position A' in the front of the 
screen, the pickup target object B is in the position B' on the screen, and 
the pickup target object C is in the position C in the rear of the screen. 

Therefore, there is no occurrence of the phenomenon that all the 
pickup target objects A, B, C are seen in such a way as to protrude forward 
as in the prior art, obtaining a natural stereoscopic image, resulting in 
possible reduction or elimination of a sense of fatigue in vision. 

In place of making the formed images bi, t>2 of the object B 
coincide with each other, any other objects (e.g. ai, aaor Ci, cz) may be 
made coincide with each other. In that case, the coinciding objects (e.g. A 
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and C) are positioned on the screen (on the display surface). 

Moreover, the Image 31 picked up without the transparent parallel 
plate 83 Inserted may be moved (to obtain corrected Image) so as to 
conform to the image 32 picked up with the transparent parallel plate 83 
5 Inserted. Naturally, both the images 31 , 32 may be moved together. 

FIG. 21 shows a concrete example of the transparent parallel 
plate 83. The transparent parallel plate 83 Is formed by equidistantly 
cutting out part of a disk transparent glass, for example, as shown by 83a 
in FIG. 21 A or 83b in FIG. 21 B. With the center mounted to a motor 84 as 

10 shown in FIG. 21 , the transparent parallel plate is attached to the front of 
the camera 1 so as to have a predetermined angle e (e.g. 45 ) with respect 
to the optical axis 30 of the camera 1 . 

In this state, the transparent parallel plate 83a (83b) Is rotated to 
allow loading/unloading (insertion/removal from the path connecting the 

15 camera 1 and the projection target objects) of the transparent parallel 
plate 83a (83b) in front of the lens 3. When applying the present Invention 
to a video camera, for example, loading/unloading of the transparent 
parallel plate 83a (83b) can be made in synchronism with a vertical 
synchronizing signal. 

20 Moreover, the shape of the transparent parallel plate 83 and 

insertion/elimination from the front of the lens are not limited to the 
above-mentioned structure of 83a (83b). 

In the same way as described above, using the apparatus of FIG. 
9, a stereoscopic image is generated as described above. Specifically, 

25 first, the image 31 , for example, picked up without the transparent parallel 
plate 83 inserted (FIG. 18A) is stored in the image memory 61 as image 
signal (1), whereas the image 32, for example, picked up with the 
transparent parallel plate 83 Inserted (FIG. 18B) Is stored in the Image 
memory 62 as image signal (2). 

30 The image shift circuit 63 is a circuit which shifts (e.g. in the cross 



24 

direction) an object noted In the Image signals (1), (2) of the Image 
memories 61 , 62 to be In the same position on the display screen, wherein 
shift control Is carried out based on a shift amount Indicated from the 
outside by a shift-amount input device 64, and a shift mode indicated from 
5 the outside by mode selecting means 65 (mode for shifting the Image 
signal (1) with respect to the image signal (2), mode for shifting the image 
signal (2) with respect to the image signal (1), mode for shifting both of (1) 
and (2), etc.), adjusting the position of fusion of an object picked up without 
the transparent parallel plate 83 inserted and an object picked up with the 
l o transparent parallel plate 83 inserted. 

The image signals (1) and (2) with shift amount adjusted are input 
to the frame-signal generating device 66 wherein a television signal Is 
generated having the image signals (1), (2) corresponding to even and odd 
fields, respectively. At this time, the frame-signal generating device 66 
15 outputs a signal for switching the shutter 14a of the shutter 
eyeglasses 14 in correspondence with field switching, opening and 
closing the shutter 1 4a for right and left eyes. 

The television signal out of the frame-signal generating device 66 
is input and displayed on the display unit 67, which is seen through the 
20 shutter 14a for obtaining a stereoscopic image. Moreover, the television 
signal output from the frame-signal generating device 66 can be recorded 
and stored in a recording medium through the recording device 68. 

In the embodiment, the transparent parallel plate 83 is disposed in 
the insertable and removable way between the lens 3 of the camera and 
25 the pickup target objects A, B, C. Instead, they may be disposed in the 
insertable and removable way between the lens 3 of the camera and the 
pickup face 2a and on the optical axis 30 of the camera. 

Moreover, in place of the transparent parallel plate 83, the light 
transmitting means of the present invention may include other member that 
30 Is substantially transparent and transmits light, for example, and has a light 
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entering face and a light exiting face formed parallel to each other. 

Further, the means for Inserting/removing at a predetermined 
angle the light transmitting means from the path connecting the pickup 
element of the pickup apparatus and the pickup target objects may be 
other means in place of the motor 84. 

As described above, according to the present invention in 
connection with the first and second embodiments, since the image 
moving means move a picked-up image to adjust the display position, 
there is no occurrence of the phenomenon that all the images are seen in 
such a way as to protrude forward as In the prior art, obtaining a natural 
stereoscopic image, resulting in possible reduction or elimination of a 
sense of fatigue In vision. 

Moreover, according to the present invention in connection with 
the third embodiment, due to movable arrangement of the condenser-type 
optical means, a stereoscopically displayable Image can be picked up 
without moving the camera. This results in very easy pickup of a 
stereoscopic image. 

Further, since the image moving means move a picked-up image 
to adjust the display position, there is no occurrence of the phenomenon 
that all the images are seen in such a way as to protrude forward as in the 
prior art, obtaining a natural stereoscopic image, resulting in possible 
reduction or elimination of a sense of fatigue in vision. 

Furthermore, according to the present invention in connection with 
the fourth embodiment, due to arrangement of the angle controlling means 
such as a variable apex-angle prism or the like, a stereoscopically 
displayable Image can be picked up without moving the camera. This 
results in very easy pickup of a stereoscopic image. 

Still further, since the image moving means move a picked-up 
image to adjust the display position, there Is no occurrence of the 
phenomenon that all the images are seen in such a way as to protrude 
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forward as In the prior art, obtaining a natural stereoscopic Image, resulting 
In possible reduction or elimination of a sense of fatigue in vision. 

Furthermore, according to the present Invention in connection with 
the fifth embodiment, since the light transmitting means are arranged to be 
insertable at a predetermined angle on the path connecting the pickup 
element of the pickup apparatus and the pickup target objects, a 
stereoscoplcally dlsplayable image can be picked up without moving the 
camera based on an image picked up with or without the light transmitting 
means inserted on the path. This results in very easy pickup of a 
stereoscopic image. 

Still further, since the image moving means move a picked-up 
Image to adjust the display position, there is no occurrence of the 
phenomenon that all the images are seen in such a way as to protrude 
forward as in the prior art, obtaining a natural stereoscopic image, resulting 
in possible reduction or elimination of a sense of fatigue in vision. 
INDUSTRIAL APPLICABILITY 

The present invention can be applied not only to a display system 
using the shutter 14a, but to other display unit which allows a stereovision 
due to binocular parallax. 



